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1. INTRODUCTION. 
The following paper recor�s an attempt to discover the ongm, 
and explain the mode of formation of the rock now known as the 
Brisbane Tuff. While the authors long ago realised that this rock 
possessed a number of unusual features, their doubts as to its true 
nature were revived and strengthened when a section showing well­
developed columnar structure was exposed in the municipal quarry 
at Windsor some three miles north of the centre of the city of Brisbane. 
A more detailed examination disclosed other anomalous features, but 
a search of the literature showed that the characters displayed by the 
Brisbane Tuff, although rare, were not unique but could be closely 
paralleled in the " Great Hot Sand Flow" of Alaska and in the 
"Ignimbrites " of New Zealand, while they also resembled in certain 
respects the " Nitees ardentes" of Mt. Pelee. 
In the pages which follow only those features that have a direct 
bearing on the origin and nature of the Eris bane Tuff will be con­
sidered. For a more general account the reader is referred. to the 
paper by Mrs. C. Briggs (1928) published in these proceedings. 
2. EARLIER VIEWS AS TO ORIGIN AND MODE OF FORMATION. 
The rock which is now knpwn as the Eris bane Tuff was first described 
by Leichhardt (1855) who examined the rock on his visit to Brisbane 
in 1844. The publication in which his account occurs is in German, 
a free translation of which reads as follows :-
" Forming the steep bank of the Brisbane River opposite the 
Government Gardens and between Petrie's Bight and New Farm 
there occurs a rock of pale violet colour which furnishes an 
excellent building stone. It encloses pieces of talc schist but one 
notices felspar crystais too and these reveal the true nature of 
the rock. I consider it a Domite although, since it has broken 
through the talc schist and so included many fragments of that 
rock, one is inclined at first to regard it as a conglomerate. " 
The next observer was Wilson (1856) who described the formation 
as "a large dyke of flesh coloured porphyry, containing crystals of 
quartz and felspar and many fragments of the slate rock through 
which it has been erupted. These fragments show no indication of 
having been fused or altered." 
A. C. Gregory (1879) also regarded the rock as an intrusive por­
phyry containing fragments of "slate." He pointed out that "por­
tions of silicified wood are embedded in the lower surface of the 
erupted mass." 
Rands (1887) disagreed with the earlier workers and described 
the rock as a " Volcanic Ashy Sandstone " for the following reasons : 
" Taking: nto consideration the nature of the rock, its being full of
angular pieces of other rocks, the absence of any change in the sur-
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rounding schists and· lastly its position in relation to the other fonna­
tions . . . . I have come to the conclusion that it is a 'volcanic ash' 
and not a porphyry, and that it lies at or near the base of the Ipswich 
beds." Rands also stated that the included fragments attain the size 
of pebbles or boulders towards the base and that " It has also near its 
base pieces of silicified and also of carbonised wood." 
As a result of Rands' work the pyroclastic origin of the rock was 
generally accepted and it became known as the " Brisbane Tuff " a 
nam:e which it still bears in geological nomenclature, although the 
earlier term " Porphyry " is still used by local engineers and those 
engaged in quarrying the stone. 
That some uncertainty yet lingered in the minds of geologists as 
to the nature .and origin of the rock is shown by Walkom's (1918) 
cautious s.tatement that it was " probably of volcanic origin (though 
there is no indication of its source) resulting from the deposition of 
volcanic ash . . . . . '' 
Dunstan (1920) although he expressed no opinion as to the position 
of the focus of volcanic activity had definite views as to the nature 
of the eruption which he expressed as follows: "Volcanic outbursts 
at the beginning of the Triassic period formed a very thick deposit 
of dust or ash over the hills and valleys in the Brisbane district, and 
the timber growing on the shales and schists at thattime was enveloped 
and destroyed by a great thickness of this dust. The deposits evidently 
were not laid down as mud, as the tops of the hills were as thickly 
covered as the bottoms of the valleys, while in addition the presence 
of charcoal at the base of the tuffs, quite unchanged even after the 
lapse of such a length of time, gives evidence of the burning of some 
of the timber while its envelopment was taking place." 
Ball (1920) called attention to the possible relationship of the 
Brisbane Tuff with the acid intrusions of the Indooroopilly area. 
Richards (1924) suggested that "it is not unlikely that the 
source of the activity was to the East or South east of Brisbane in a 
region now foundered below sea level, " while a few years later the 
present authors (1927) considered the possibility of Castra (twelve 
miles east south east of Brisbane) marking one focus of activity. 
The most recent study of the Brisbane Tuff is that of Mrs. C. 
Briggs (1928) who concluded that "the tuff was laid down on land 
surface, the continuity of which was broken by a series of small fresh­
water lakes " but that " There is no direct indication of the centre 
of eruption of this tuffaceous material within a reasonable distance of 
its outcrops." This authoress also suggested that there might be some 
genetic relationship between the Brisbane Tuff, the Indooroopilly 
Intrusives and the Enoggera Granite which chemically and minera­
logically have much in common. 
3. OBSERVATIONS. 
(a ) In the Field. (See Plates V. and VI.).
The Brisbane Tuff occurs almost at the base of the Ipswich Coal 
Measures of Triassic age which overlie with a marked unconformity 
the Brisbane Schists of early Palaeozoic age. 
At the present time outcrops which can with reasonable certainty 
be correlated with the Tuff as typically developed are scattered over 
an area measuring 34 miles by 9 miles, with a decided concentration 
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in and about the city of Brisbane where the principal outcrop takes 
the form of an elongate mass measuring about 12 miles in a N.N.W.­
S. S.E. direction. To the west of this principal outcrop lie the Bris­
bane Schists. Within the schists and forming an intrusive suite 
roughly parallel with and some two or three miles west of the main 
mass of Tuff is the major intrusion known as the Enoggera Granite 
and a host of minor intrusions of an acid nature which have been called 
the Intrusive Rhyolites. The granite occupies the northern part of 
this intrusive belt while the Intrusive Rhyolites' are for the most part 
concentrated in the south. To the east of the principal outcrop of 
Tuff there lies a geological complex consisting in part of inliers of 
Brisbane Schist, in part of more or less isolated outcrops of Tuff, and 
in part of younger beds of the Ipswich Series. 
The present discontinuity of the Tuff may represent an original 
condition due to accumulation on the lower portions of an uneven 
surface, for the junction of the Ipswich Series and Brisbane Schists 
is, as pointed out by Marks (1910), an exceedingly irregular one. 
Indeed the relationship between the two series appears to be a typical 
"buried landscape" unconformity. Nevertheless the present distri
bution may be in part due to erosion. The fact that the Tuff has 
(with the remainder of the Ipswich Series) been subjected to moderate 
folding seems to have had little influence on the matter owing possibly 
to the coincidence of' synclinal areas with original depressions. 
The basement on which the Tuff rests usually consists either of a 
coarse rubble breccia made up of large angular fragments of the 
underlying schist and suggestive of a consolidated scree, or of a fissile 
mudstone containing numerous plant remains. The latter when 
present is never more than a few feet thick and may rest directly 
upon the Brisbane Schists or be separated from them by varying 
thicknesses of the rubble breccia. In one locality, however, the 
fossiliferous mudstone is represented by a thin band actually within 
but almost at the top of  the breccia. In some places the rubble 
breccia grades laterally into coarse basal conglomerates and other 
shallow water deposits. A very striking feature associated with the 
base of the Tuff is the great number of fossil trees some of them over 
two feet in diameter. These are not in position of growth but appear 
to lie upon the bed of the Triassic lake and on the surrounding shores . 
Although the data are not available on which reliable estimates
of the maximum thickness of the Brisbane Tuff can be based it is cer­
tainly of the order of hundreds of feet. Thicknesses of from 200 to
300 feet have been definitely established but it seems probable that at 
its greatest the Tuff was more than 500 feet thick. Although the 
thickness certainly varies considerably and in particular appears to 
decrease to the east the Brisbane Tuff forms a stratigraphical unit in 
a sedimentary series. 
In those places where the lower part of the Tuff has been con­
siderably weathered it usually has the appearance of a stratified deposit 
owing to the more resistant nature of one or more hard bands. One 
such band in particular is seen in certain exposures to form the very 
base of the Tuff. This is from one to three feet in thickness and is 
clearly differentiated from the overlying Tuff owing to its superior 
hardness and compactness. That something in the nature of bedding 
is present is also suggested by the fact that even in the more massive 
THE PROBLEM OF THE BRISBANE 'fUFF 
portions stone-masons find that the Tuff " works " 
along what would correspond to the bedding l_)lanes. 
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But apart from the features noted in the last paragraph there is 
a notable absence of stratification. The Brisbane Tuff as seen in a 
cliff face or a quarry wall presents a most striking appearance. In 
such positions it stands as vertical walls of massive rock with no sign 
of stratification even in those portions immediately underlying the 
shallow soil, but with strongly developed joints which are the more 
noticeable since they are absent from both the immediately underlying 
and overlying rocks. The joint planes as typically developed are 
widely spaced and at right angles to each other but closely spaced and 
curved joint planes are also met with. Sometimes the vertical joints 
are much more strongly developed than the others and a roughly 
prismatic structure results, but the most striking system of joints is 
that found in the municipal quarry at Windsor where there is
developed a very pronounced columnar structure ( see Plate VI.,
Fig. 2). 
In its general. appearance as in its detailed arrangement this. 
columnar jointing is closely comparable with that frequently met with 
in lavas and equally distinct from the prismatic jointing occasionally 
found in sediments. A comparison of Plate VI.,  Fig. 2 with the
figures of Iddings (1909 Figs. 13, 17) illustrating the columnar basalt
of Orange Mountain, New Jersey, is instructive in this respect. 
The columns are tolerably uniform in size with an average diameter 
of approximately twelve inches. The sides vary from nearly straight 
to somewhat undulate. About two-thirds are pentagonal, the majority 
of the remainder being six sided or four . sided. Ball and socket 
jointing is not developed and there is no pronounced tapering of the 
columns. The columns as a whole are neith�r horizontal nor vertical,. 
the arrangement being somewhat irregular but including certain 
regularly divergent and convergent structures. In so far as one may 
generalise the principal structure appears to consist of a collection of 
approximately vertical columns in the heart of the structure forming 
a nub from which other curved columns diverge to form a basin like 
arrangement. 
The upper ends of many of the columns appear to be continuous 
with as if welded into the overlying massive non columnar Tuff. 
These features show the structure to be typical of that formed 
in igneous rocks by thermal contraction as distinct from the pris­
matic structures due to convectional circulation or to internal
expansion (see Sosman, 1916).
The shales immediately below the columnar Tuff are unusual in 
that they have been considerably contorted and even in places brec­
ciated and indurated. 
In certain localities the Brisbane Tuff shows features closely re­
sembling some of the fluxion structures seen in acid lavas. These may 
take the form of continuous lines or of a streaky distribution of materials 
of different hardness or colour which is emphasiz�d by weathering. 
A notable feature is the compactness of the rock which has re­
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One of the most striking characters of the Brisbane Tuff is the 
presence of very numerous fragments of the underlying Brisbane 
Schists. These fragments seldom exceed a few inches in diameter 
and are very angular. Although many of these appear indurated 
others show no obvious sign of metamorphism but in view of their 
original obdurate nature this may not be very significant. Fragments 
of rhyolite, usually of small size, also occur as inclusions but these are 
not so common or conspicuous. Of particular interest are the inclus­
ions of fossil wood within the Tuff. These are usually of the nature 
of silicified petrifactions, but there also occur fragments of carbonised 
wood and natural charal, coespecially in the lower part of the Tuff. 
In the heart of one of the columns of the Tuff at Windsor there 
was discovered by the authors a fragment of graphite, irregular in 
shape and about one inch in length and showing all the appearances 
of having been fused (see Plate VI., Fig. 1). The graphite fragment 
is enveloped by an area of Tuff throughout which there are disseminated 
minute particles of graphite. This graphitic halo is not concentrically 
arranged with regard to the fragment but is far wider on one side 
than the other suggesting that the material that g,ave rise to the halo 
had moved steadily in that direction. 
Of all the inclusions whatever their nature, it may be said that
they commonly show no sign of orientation, but that when a definite 
arrangement is developed as sometimes occurs in the more massive 
variety it is roughly parallel with the base of the Tuff. 
An unusual development of the Brisbane Tuff has been described 
by the authors (1927) from Castra where volcani� mud  balls or 
"accretionary lapilli " (see Wentworth and Williams 1932) are well 
developed in an extremely fine-grained variety of Tuff. Similar 
structures in a similar base have since been found at Aspley. These 
occurrences represent tlie northerly and easterly limits respectively 
of the Eris bane Tuff proper. 
(b) Under the Microscope (see Plate IV.). 
Although when judged by hand-specimens alone the Brisbane 
Tuff appears to be a tolerably uniform and easily recognisable rock 
(its most variable feature being its colour), yet under the microscope 
a considerable variety is to be seen. The most notable feature in this 
variety is that the bedded material from the base of the Tuff shows 
nothing but elastic structures and could be described as a typical 
rhyolitic vitric tuff whereas specimens from the overlying massive 
Tuff lack the normal tuffaceous characters and are more or less domin­
ated by plastic or fluidal structures. 
As typically developed the bedded Tuff is closely comparable 
with that figured by Pirsson (1915 Fig. 2) except that the glass shards 
have been devitrified and silicified as have also the more minute frag­
ments of glass dust which originally constituted the base. Embedded 
in this vitroclastic material are a few comparatively large crystals of 
quartz showing idiomorphic or broken outlines with an occasional 
crystal of felspar. 
The microslides obtained from the massive Tuff although they 
exhibit much greater variety nevertheless form a natural group in 
that they are all influenced by the development of fluidal structures 
comparable with those seen in lavas. 
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The most extreme variety of this second group (see Plate IV.
Fig. 5) resembles the "welded pumice " figured by Iddings (1909 
Fig. 22) from the Yellowstone National Park. The other extreme 
of this group is found in a markedly brecciated rock in which angular 
fragments of "welded pumice " are a striking feature. Intermediate 
between these extremes and perhaps more typical of the group as a 
whole are those rocks in which streaks of the more plastic material are 
welded into a rock made up of material comparable with the" collapsed 
pumice " of Iddings (1909 Fig. 21) the whole suggesting" eutaxitic 
structure. " 
All of the varieties of this second group commonly contain a con­
siderable number of quartz "phenocrysts " a characteristic feature of 
which is their deep embayment. Felspar " phenocrysts " are also 
common but these are usually idiomorphic although occasionally 
em bayed. 
4. SUMMARY AND INFERENCES. 
The observations recorded above show that in the Brisbane Tuff 
one finds what at first sight appears to be a curious mixture of 
tuffaceous and non-tuffaceous characters so that it is not surprising 
that in the past it has been variously regarded as a lava flow, as an 
intrusion and as a tuff. An analysis of the relevant data, however, 
shows that the normal and abnormal characters are by no means 
indiscriminately mixed for, although it is true that certain characters 
are found throughout the Tuff, others are definitely restricted, while 
several are limited to a single occurrence. 
A consideration of the various features present and their distribu­
tion suggests that the Brisbane Tuff should be regarded as made up of 
two types, each of which has its own varieties. These types may be 
called the Stratified Type and the Massive Type respectively. 
The Stratified Type when present is restricted to the lowest 
portion of the Brisbane Tuff. It is definitely stratified and is weakly 
jointed. At its base are found numerous petrified trees. The many 
inclusions of Brisbane Schist show little or no sign of metamorphism. 
In microstructure the rock is typically vitroclastic. 
The marginal occurrences at Castra and Aspley containing accre­
tionary lapilli may be regarded as a special development of the type. 
The Stratified Type of the Brisbane Tuff combines so many normal 
tuffaceous characters that it at least may be true to name. Never­
theless there are several features which are somewhat unusual. The 
first of these is the presence of fragments of natural charcoal (a feature 
which the Stratified Type shares with the Massive Type). These at 
first seem to imply a temperature in the enclosing material greater 
than that expected of a volcanic ash. Indeed Fenner (1920, p. 578) 
uses similar carbonized fragments as one of the criteria for dis• 
tinguishing the " great hot sand-flow " of the Katmai region from the 
associated ash falls. 
On the other hand Grange (1931, p. 229) has described from the 
north island of New Zealand, charred wood in a layer of volcanic ash 
less than six inches thick, fifty miles from the supposed source at 
Taupo. He considers that this and other carbonized fragments 
common in the area were " charred by the hot ashes " and that " the 
carbonized wood is similar in composition to that of charcoal formed 
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A second unusual feature consists in the strangely uneven base 
-0f the St�·atified Type. This uneve,nness appears to be due not to 
original depressions in the underlying surface but to downward pro­
tuberances from the bu,se of the Tuff. (see Plate V., Fig. 1). 
The Massive Type of the Brisbane Tuff overlies the Stratified 
Type and is over 200 feet in thickness. It sl19ws no sign of stratifi­
; cation but is strongly jointed. Many inclusions lie parallel to the 
base and show definite signs of metamorphism. Under the microscope 
the rock is seen to be dominated by plastic and fluidal structures. 
The occurrence at Windsor where columnar structure is associated 
with the development of graphite and where the underlying Ipswich 
shales are locally disturbed and indurated is thought to represent an 
extreme development of the Massive Type, the presence of which may 
be connected with its position in what appears to have been a small 
lateral embayment of the main valley. 
The Massive Type of the Brisbane Tuff combines so many non­
tuffaceous i:haracters that the word Tuff must be regm·ded as mislead
ing. All the evidence points to such very high temperatures at the 
time CJf its formation that much of the material composing it was vir­
tually plastic if not actually fluidal. Since rhyolitic glass becomes 
plastic only when the temperature approaches 1000°C. the Massive 
Type crtn hardly be explained as a solidified ash. Indeed many micro
sectiom: appear remarkably like devitrified and silicified glassy lavas. 
In particular the columnar material at Windsor which in other respects 
is quite typical of the Massive Type shows evidence of very high 
temperatures, for here in addition to the other evidence we have the 
presence of the columns themselves and the included fragment of 
graphite both of which indicate temperatures more characteristic of a 
lava flow than an ash fall. 
In spite, of the differences noted above the Stratified Type and the 
Massive Type have so many factors in common, including chemical 
·composition and geographical distribution that it is reasonable to 
.conclude that both types came from the same volcanic centre, but 
their differences are so notable that a separate modus operandi is 
needed for the formation of each type. 
It appears that while the earlier formed Stratified Type (and more 
particularly that containing the accretionary lapilli) might be 
explained as due to a series of violent volcanic explosions followed by 
the deposi�ion of showers of ash about the shores and within the 
waters of a series of small lakes, such an explanation is hopelessly 
inadequate to account for the Massive Type and especially so for the 
.columnar material at Windsor. To explain the Massive Type one needs 
to account for : 1. An initial fragmentation of igneous material to­
gether with much foreign material; 2. The conversion of this frag­
mental material into a plastic largely welded mass. 
The absence of any known source of the Brisbane Tuff has long. 
mystified geologists and led Richards (1924, p. 286) to suggest that the 
·centre of activity may have been somewhere to the east or south east 
in a region now below the sea. 
The present authors (1927, p. 60) in discussing the origin of the 
volcanic mud balls (" accretionary lapilli " ) at Castra wrote "It might 
be thought that the presence of mud balls at Castra could serve as an 
indication of the proximity of one of  the centres of eruption which 
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ejected the Brisbane Tuff . . . " but " The evidence from Luzon 
(Phillipine Islands) does not lend much support to the idea that these 
"balls indicate the centre of eruption. "  
·  · 
Mrs. Briggs (1929, p. 158) was unable to find any indication as to 
the centre of eruption but was of the opinion that " The uniformity 
of the material suggests that the source of origin was approximately 
at the same distance from all points on the outcrop. This, together 
with the fineness of the material and the absence of coarse volcanic 
ejectamenta would suggest that the .source was not very close to the 
present outcrop." 
At Upper Brookfield some twelve miles south-west of B1 is bane 
there occurs a coarse volcanic agglomerate with fragments of rhyolite 
up to twelve inches. in diameter which may well mark the sito of an 
ancient volcano, but except that it is later than the Brisbane Schists 
the age of this volcanic series is unknown. Although it is possible that 
the agglomerate and associated tuffaceous rocks may be coeval with 
the Brisbane Tuff they are lithologically so different including as they 
do andesitic and other relatively basic tuffs that the authors do not 
suggest this point as the possible centre of eruption. 
In view of the fact that the columnar Tuff at Windsor combined 
evidence of very high temperature with local disturbance of the under­
lying shales the authors considered the possibility of this point marking 
an actual focus of eruption. To test this hypothesis they arranged 
through the courtesy of Mr. E. F. Gilchrist, B. C. E. , City Engineer, to 
have a bore put down at the point. This was done, but the Tuff was 
. found to extend only 43 feet below the quarry floor which wr,s the 
depth to be expected if the Tuff merely occupied a basin shaped 
depression. 
The authors have been unable to establish any normal centre of" 
volcanic activity and are forced to the conclusion either that it is hidden.  
from sight by the Tuff itself or that the Tuff originated in $Orne unusual· 
manner possibly from a series of fissures. In the latter case the swarm  
of rhyolitic intrusives in the Indooroopilly area may represent the· 
denuded remnants of the dykes which acted as feeders. 
With regard to the mode of emplacement of the Massive Tuff the 
combination of elastic and plastic phenomena seems to necessitate a 
type of volcanic action intermediate between an outpouring and an 
explosion. 
Having arrived at these conclusions on the internal evidence pre�
· 
sented by the Brisbane Tuff itself, let tis now turn to similar develop- · 
ments elsewhere in the hope that they may shed light on the local 
problem. 
· 
5. COMP ARIS ON Wl'l'H 0'1.'HER AREAS. 
Since the beginning of the present century evidence has been 
accumulating to show that, especially as regards the more siliceous 
material, volcanic activity is not restricted to simple effusions of lava 
and violent expulsions of ashes, but that there are other modes of 
extrusion intermediate between these extremes which combine in 
varying degree the elastic and fragmental qualities of a tuff with the 
plastic and fluidal qualities of a lava. This conclusion which has been 
founded on actual observations of volcanic eruptions is supported by 
the petrological nature and field occurrence of volcanic rocks of many 
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ages from many parts of the world. Thus there is every reason tti 
believe that many volcanic rocks which have given rise to considerable 
controversy in the past may be explained in terms of these special 
phases of igneous activity. 
(a) The Incandescent Avalanches ( Nuees Ardentes) of Mont Pelee 
and La Soufriere. 
AndersoJ:! and Flett (1903, p. 500 et seq) point out that the climax 
of a Pelean eruption is manifested by the appearance of an avalanche 
of incandescent sand and the passage of a great black cloud. The out­
burst never appears in the form of molten lava but always "in the 
form of a cloud which rises to a certain height and then flows over the 
surface of the ground." " The mixture of dust and gases is so heavy 
that it courses down the slopes like a torrent in a river, clinging to all 
the valley bottoms, ever availing itself of the steepest descents and 
deflected by the projections and irregularities of the ground." As a 
result of such an eruption there accumulates a foot or two of un­
stratified Tuff made up almost wholly of fragmentalcrystals, the whole 
rock having the chemical composition of an andesite. 
Lacroix (1904) who has made a close study of the matter does 
not regard these eruptions of the nuee ardente type as unique. On 
the contrary he has classed with them the eruption of Vesuvius that 
was responsible for the destruction of Pompeii in 79 A.D. and similar 
outbursts in Java, Japan and the Azores. 
( b) The Great Hot Sand- Flow of the Valley of Ten Tlwu.sarul 
Smokes. 
At the same time as the great eruption of the Alaskan volcano 
Katmai in 1912 the floor of a neighbouring valley was, in the words of 
Fenner (1920, p. 576) "covered with a thick deposit of ash and pumice, 
which in most places has buried every detail of the former topography, 
and whose surface now forms a gently sloping plain. Thousands of 
fumaroles have found vent through this deposit and are sending out
exhalations of hot gases and vapours . . . . This ashy deposit covers 
the old floor of the valley to a great depth (possibly several hundred 
feet in certain areas) . . . " 
Griggs (1918, p. 117) was the first to recognise the unusual nature 
of this volcanic material and supposed it to have been a " Great Hot 
Mud Flow " which had been forced out of fractures in the valley floor. 
Fenner (1920) while agreeing with Griggs that the material originated 
from numerous dykes within the valley itself, regarded the Tuff as 
having been '.' a dry, highly heated mass of sand and pumice rather 
than a water-bearing mud." The same author points out that" Obser­
vations show plainly that, in the first place, this material was not 
thrown violently into the air to descend over the general landscape, 
but that it was restricted very definitely to topographic depressions ... 
The thorough manner in which vegetable material engulfed by it was 
carbonized and the indications of brush fires started by it can hardly 
be explained except on the supposition that it possessed a high temper­
ature, probably near incandescence. In many places adjacent to it 
but beyond its borders, fallen trees lie as if overthrown by a, violent 
wind accompanying it." " Considering further the origin of the sand 
flow, we suppose that rhyolitic magma, charged with dissolved gases, 
rose to the surface in the newly formed vents . . .  and produced by 
moderately forcible disruption, an outward f;preading and forward 
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moving torrent of incandescent sand and pumice, each particle of which 
was surrounded by and partially suspended in gases which it continued 
to give forth during its impetuous flow." 
Lacroix agrees with the above interpretation and refers to the 
eruption as "nuee ardente Katmaienne." 
In a later publication Fenner (1923, p. 67) drew attention to Wolf's 
description of the eruption of Cotopaxi in 1877 and showed how most of 
the unusual features that puzzled Wolf could be explained as due to 
an eruption of the then unknown "nuee ardente type "-"the black 
mass suddenly boiling up and overflowing the rim of the crater on all 
sides, the prodigious speed with which it precipitated itself down the 
slopes, the great mass and short duration of the flow, the heavy clouds 
concealing the mountain within a few minutes, the rain of ashes 
immediately afterwards, the carbonization of tree trunks, the lack of 
coherent lava flows, the forcible manner in which the outburst spread 
over valleys and ridges on the upper part of the cone and later flowed 
down gulches in a more collected form-these point almost irresistibly 
to this form of eruption." 
{c) The lgnimbrites of the North Island of New Zealand. 
Marshall (1932, p. 198) has suggested the name "Ignimbrite " 
for a type of rock which has a wide occurrence over 10,000 square 
miles in the North Island of New Zealand. In the past the rock has 
been variously regarded as a tuff, as a lava, and as a flowbreccia, but 
Marshall compares it with the material of Mont Pelee and Katmai 
and deduces a similar origin. He points out in an unpublished paper, 
which the authors have been privileged to see, that Ignimbrites differ 
from ordinary rhyolitic tuffs in their uniform and normally fine texture, 
the absence of bedding, the pronounced prismatic jointing, their co­
herence and effective solidity and in the "flow structures " to be 
seen under the microscope. On the other hand they may be distin­
guished from normal rhyolitic lavas in their great horizontal extension, 
the absence of glassy selvages and scoriaceous surfaces and their low 
specific gravity. Further, a thin bed of extremely fine glass dust 
often occurs below the formation. There is an increase in the specific 
gravity from the top to the bottom and there is no indication of mass 
flow. Finally Marshall points out that "There are no volcanoes in 
the district from which rhyolite lavas could have flowed. " 
Petrologically Marshall regards the Ignimbrites as div,isible into 
three classes : Pulverulites composed of fine dust-like shreds of glass 
surrounding crystal grains. Lenticulites with conspicuous lenses of. 
dark material often drawn out and embedded in fine glassy shreds with 
some crystals. Lapidites with fragments of rock embedded in fine
material composed mainly of glassy .shreds.
( d) The Giant Columnar Pillows of Auckland. 
Structures which are closely analogous in some respects to the
columnar Tuff of Windsor have been described by Bartn�rr. (1930)
from Muriwai, Auckland, New Zealand, where "the sea cliffs exhibit 
remarkable columnar structures in andesitic lavas of mid-Tertiary
age .. . . " These lavas have developed pillow-shaped structures up 
to 80 feet in diameter. "They undoubtedly are submarine in origin, 
for, in addition to the pillow form, in some places they in­
clude marine fossils in tuffaceous debris between the pillows whilst 
they rest on tnffs with similar fossils. The seas into which they were 
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poured were very shallow .... " With regard to the origin of these 
unusual structures Bartrum concludes that" the large radially columnar 
spheriodal masses .... represent large pillows formed by the out­
pouring of small quantities of liquid rock from dyke fissures that 
reached the floor of a shallow sea in which thick beds of tuff were being 
laid down." 
(e) Comparisons and Contrasts.
Although, with the exception of the last, all of the occucences 
noted have been referred to eruptions of the one type, for all 
have points in common, they nevertheless show considerable 
variation in such important points as chemical composition, 
lithological nature and quantity of material erupted . 
Consequently, it is not to be surprised that the Brisbane Tuff, while 
generally similar to them all, presents points of difference from each. 
The Brisbane Tuff differs from the nuees ardentes of the West 
Indies in its more siliceous composition, and in the much larger pro­
portion of glassy fragments, in its plastic characters, and in the 
enormously greater amount of material. 
The Brisbane Tuff resembles the hot sand flow of the Valley of Ten 
Tl10usand Smokes in chemical composition, in the proportion of glassy 
to crystalline material, in thickness and extent. The chief differences 
are that the local rock is more compact and exhibits welded and 
fluidal structure in a more marked degree. 
The Brisbane Tuff resembles the Ignimbrites of New Zealand more 
closely than any of the other occurrences with which it has been com­
pared. The authors have been very fortunate in that they have both 
enjoyed personal discussions with Dr. Marshall on the nature of Ignim­
brites and have, through his C<Yurtesy, been ableto examinemany micro­
sections of typical material. In addition .one of them has recently 
, visited New Zealand and studied the Ignimbrites in the field. The 
features which most closely unite the Brisbane Tuff with the New 
Zealand Ignimbrite and which.appear to mark them off from the We.st 
Indian and Alaskan rocks are their  lava-like characters. These are 
shown by their. strongly welded nature, by an approach to fluxion 
phenomena and by the development of columnar jointing. 
Features which the Brisbane, New Zealand and Katmai occur­
rences have in common are enormous bulk, rhyolitic nature, high glass 
content and absence of any normal centre of eruption. 
While the columnar pillows of Muriwai have several features in 
eommon with the columnar Tuff at Windsor, they differ in that although 
they are ·set. in tuffaceous material, they themselves are definitely lava 
forms. 
6. CONCLUSIONS. 
As a result of their observations in the field and under the micro­
scope, and after comparisons with similar rocks in other parts of the 
world the authors have come to the following conclusions:-
1. The Brisbane Tuff although a stratigraphical unit is made up of 
two distinct petrological types. 
2. Of these the lower or Stratified Type is sufficiently normal in its
characters to call for no special hypothesis of origin. 
3. The upper or Massive '.I'ype has so many non-tuffaceous characters 
that it is unlikely that it represents a· solidified ash fall. 
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4. The combination of tuffaceous and non tuffaceous characters 
presented by the Massive Tuff could. be most readily explained 
as due to an enormous eruption of the incandescent avalanche 
type. 
· 
5. In particular the material at 'Windsor, as a result possibly of 
its location in an embayment of the valley wall or possibly on 
account of its proximity to a hidden source became welded into 
what was virtually a rhyolitic lava which on cooling gave rise to 
columnar structure. 
6. No centre for this volcanic activity has been established, but it 
seems possible that the numerous rhyolitic intrusives lying to the 
west of the Tuff represent the somewhat deeply eroded repre­
sentatives of the dykes which acted as feeders. Again the 
volcanic centres may lie buried beneath the Tuff itself. 
7. The Massive Type of the Brisbane Tuff presents many features 
closely analogous with those of the Ignimbrites of New Zealand 
and has also much in common with the Hot Sand Flow of Alaska. 
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DESCJUPTIOKS OF PLATES. 
l'LATE I L  
Mierophotogrnphs o f  speci mens of the Brisbane Tuff tak'ln i n  ordinary light .  Mag  
nification ca. 26. 
Figure 1 .-Devitrified and silicified fine vitroclastic tuff of the Stratified Type from the 
base of the formation at Leichhardt Street Quarry(see Plate Y, .Fig. 1 ) .  
Figun 2.-Similar to Figure 1 and showing larger fragment o f  charred wood.  From 
Collin's Wharf Quarry. 
Fi')t:rn 3 . Example of t- he Massive Type used locally as  a building stone. Bowser and 
Lever 's Quarry. 
Figure 4.-Extrerue example of the Massive Type showing fluidal structures closely 
simulating those of Rhyolite. Municipal Quarry , St. Lucia.
Fig·ure 5.-" Welded Pumice " from the Massive Type. Municipal Quarry, Morningside. 
(Compare Iddings, 1909, Fig. 20). 
Figure 6.-Speciruen showing fluidal structures from the columnar varie�y of the Massive
Type (see Plate VJ . ) .  Municipal QuaHy ,  Windsor. 
PRoc. RoY. Soc. Q'LAND, VoL. XLV. 
l!'igure l Figure 2 
Fi;rure 3 FifuTe 4 









hwc. RoY. Soc. Q'LAND, VoL. XLV. 
Pigure l. 
Stratified Type of Brisbane Tuff (light) ornrlying rubble-breccias and shales (dark) 
;d1ich form bftse of Ipswich Series. Leichhardt Street Quarry. 
F£yure 2. 
Massive Type of Brisbcine Tuff showing absence of beclcli11g and " ell developed 
jointing. Kangaroo Point. 
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Figure l. 
Graphitiscc wood-fragment in columnar variety of 1\Iassi.ve Type of Brisbane Tuff 
.\:!. Municipal Quarry, Windsor. 
Fiyure 2. 
Development of coluurnar variety of Massive Type of Brisbane Tuff ('ce Plate 1 V ., ) 
Figure 6). Municipal Quarry, \\'incsor. 
